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ABSTRACT
Extensive work 1ms been reported by several authors 
on the effects upon soil colloids of saturation with single 
cations. There are relatively few instances where the results 
have been given of saturation with mixed solutions of base 
exchange cations. These studies have been upon the 
saturation and resulting physical differences experienced by 
the colloidal complex due to the several mixtures of saturating 
ions.
The purpose of this work was to investigate the effects 
of varying amounts of calcium and sodium ions adsorbed upon 
the colloidal fraction of the soil taken from the A horizon 
of a Crowley silt loam, especially noting the results of 
hydrolysis on the aeidold and basoid portions.
The Crowley soils of southwestern Louisiana produce 
approximately forty per cent of the nations rice. During 
dry years the flooding waters become saline and marked 
changes have been noted in the structure of soils subjected 
to these treatments. Since the chemical reactions ex­
perienced by a soil are essentially those involving the 
colloidal fraction this portion was removed and used for 
experimentation.
The colloidal fraction was separated from the remaining 
soil material by dispersion in ammonium hydroxide and sub­
sequent settling for twenty-four hours, after which the top 
9 cm were removed. The remaining suspension was diluted up 
to the original volume, thoroughly mixed, and allowed to
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settle another twenty-four hours before removing a second 
portion, this process being repeated for ten or more days. 
These portions contained particles whose maximum effective 
diameters were under 0.001 mm. The colloidal matter was 
coagulated and concentrated by centrifuging.
Saturation of this fraction was effected by dispersion 
in calcium chloride, sodium chloride, and mixtures of the 
two, always using a solution whose total normality was two. 
Each dispersion was followed by settling over night and 
centrifuging until at least five such operations were 
completed•
The calcium, sodium, and several mixed calcium-sodium 
prepared soil colloids resulting from this treatment were 
washed free of saturating cations by means of 85% ethyl 
alcohol. This was followed by dispersion in, distilled 
water and subjecting the clays to the hydrolyzing effect 
of water for a period of ninety-six hours. During this 
process samples were withdrawn at stated Intervals and 
filtered through lasteur-Chamberland candles which had 
previously been saturated with the material being filtered 
so as to minimize errors due to base exchange between the 
unglazed porcelain and the colloid.
The hydrolyzates thus obtained were analyzed for 
sodium, calcium, aluminum, silicon and iron. In each 
instance the pH of the suspension was determined by use 
of a glass electrode, and the solids remaining after 
filtration were removed from the candles and saved for
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determination of base saturation. Comparisons were made 
on the effects of varying the ratio between calcium and 
sodium as saturation ions in the action of water on the 
complex structure of the colloidal micelle.
In all, seven suoh clays were studied and results 
indicate that hydrolysis effects are enhanced by 
increasing the amounts of sodium in the exchange complex. 
Difficulty of filtration, ease of peptization, mobilization 
of organic matter, increase of pH, and increase of break­
down of the acidoid fraction of the clay follow the rise 
in percentage of sodium over calcium. However, In some 
cases the presence of small quantities of calcium among 
the exchangeable bases tends to Increase these factors due 
to its mobilizing effect on the absorbed sodium.
These results have been coordinated with those 
reported by other workers, and their explanations of 
related phenomena have been extended to cover those of 
this study.
BrmoOToraoH
The effects of various saturating cations in the base 
exchange complex of different soils have been reported, in 
the literature* These reports have been confined, in most 
cases, to the effects of single ions on physical properties 
of the soil* Quantitative data dealing with the effects of 
such cations on chemical changes accompanying the actual 
breakdown of the colloidal complex are few (32)* These 
data represent the total effects of one base saturation 
ion rather than the effects of several, such as would be 
present, normally, in the soil.
Therefore, the object of this research was to study 
the results obtained by using soils saturated î ith cations 
in known ratios and thus get a closer insight into the 
reactions of the soil under field conditions.
In order to obtain a soil which had developed under 
natural conditions the samples used were taken from the A 
horizon of a virgin Crowley silt loam which had not been 
subjected to flooding. Since the chemical activity of 
the soil resides essentially in the colloidal fraction 
this fraction was removed and concentrated for experimen­
tation. Also, since the predominating cation in the 
absorption complex of this soil is calcium, and since 
sodium is introduced into the soil subsequently by flooding 
in growing rice, it was decided that clays of varying 
Ca:Na ratios should be used for this study*
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The different clays were treated with solutions of 
calcium and sodium chlorides of total normality of two*
The Ca:Na ratios in the saturating solutions were so 
regulated as to obtain clays of compositions representative 
of all concentrations intermediate between singly saturated 
sodium and calcium samples. Several applications of the 
salt solutions were required for saturation* The resulting 
solids were subjected to hydrolysis and the following 
determinations made on the hydrolyzates:
(1) Determination of calcium.
(2) Determination of sodium.
(5) Determination of aluminum.
(4) Determination of iron.
(5) Determination of silicon.
(6) Determination of pH.
The solids left after hydrolysis were analyzed for 
total base exchange capacity and per cent base saturation.
The results of increasing Ha:C© ratios were noted and 
correlations were drawn between the data obtained and the 
present theories on structure and behavior of soils.
REVIEW OF LITERATURE 
Any definition of the soil will of necessity he based 
on the viewpoint of the person describing it* The agronomist 
looks upon the soil as the host of plant life while the 
geologist sees It as one stage in the weathering of geologic 
material.
Bokuchaev defined soil as "the surface and adjoining 
horizons of parent material which have undergone, more or 
less, a natural change under the influence of water, air, 
and various species of organisms— living or dead; this 
change Is reflected to a certain degree, In the composition, 
structure, and color of the products of weathering.” This 
definition excludes the soil from the geological system of 
mantle rock and gives it an independent status.
The present conception of the soil as expressed by 
Ioffe {54} is as follows: "The soil Is a natural body, 
differentiated Into horizons, of mineral and organic con­
stituents, usually unconsolidated, of variable depth, which 
differs from the parent material below In morphology, 
physical properties and constitution, chemical properties, 
and biological characteristics.”
From a morphological point of view the soil is an 
organized body with a definite mode of construction or 
build. It consists of a series of genetically related 
horizons formed from the parent material, with the aid of 
the climatic factors and the biosphere.
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Boll eo&sists essentially of (a) mineral matter, which 
has originated from rook by the action of a series of 
weathering processes, (b) organic matter, xafoich has origi­
nated from the residues of natural vegetation and organic 
manures, (e) soil moisture, containing substances in 
colloidal or in true solution, and (d) soil air* The 
mineral matter includes particles of varying size from 
stones and gravel to submicroseoplc particles of clay. In 
it may be recognized particles of rock forming minerals 
and materials which are either amorphous or else consist 
of minerals whose crystalline character can only be revealed 
by X-ray analysis (114).
The evolution of the complex constitution and general 
appearance of the soil in relation to the natural laws 
responsible for its origin is known as soil genesis. The 
soil was in the first instance derived from rocks, partly 
by disintegration and partly by decomposition. In the 
course of time this material has accumulated to considerable 
depths and upon exposure to air, water, wind, frost and ice, 
changes in its composition have occurred which, though 
slight, have assisted in the development of different 
varieties of soils.
The addition of plant and animal residues to this 
mineral portion has converted it into a medium for living 
organisms which have wrought very important changes in its 
composition, the final result being the development of soil.
Thus, the soil proper may be divided into the fractions
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mineral matter, organic matter, soil air and soil water.
The latter three are subject to fairly rapid changes. Th© 
mineral matter is very resistant and practically unalterable 
during short periods of time.
The solid phase is composed of the mineral matter and 
the organic matter. The liquid phase is in equilibrium 
both with the solid phase and th® gaseous phase— the soil 
air* But the equilibrium is constantly shifting owing to 
the variations in temperature and in water content, the 
drain of nutrients by plant roots, and the activities of 
micro-organisms* It is obvious, then, that the solid phase 
of the soil offers a surer basis for study than the rapidly 
changing and dependent liquid and gaseous phases.
The soil, then, appears as a mixture of mineral 
material which consists of the products of chemical and 
physical weathering of rooks, and organic matter, which 
consists, similarly, of the more or less decomposed 
residues of plant materials, and, to a less extent, of 
animal remains and excreta.
Methods of Soil Formation
In the genesis of soil from its parent material, 
physical and chemical weathering are dominant factors.
Physical weathering Is effected by wind, alternate freezing 
and thawing of ice and transportation by water or by 
glaciers. This type of weathering results only in comminuting 
of rock particles and gives rise to sands of a very high
silica content.
Chemical weathering is effected by the factors of 
oxidation, reduction, hydrolysis, hydration and solution*
Of these, hydrolysis is the dominant factor* These factors 
are influenced exceedingly by climatic conditions and 
vegetation* In fact, these last two are so effective that, 
it is believed, ail of the great soil groups may be formed 
from any on© parent material if proper climatic conditions 
and vegetation prevail.
It is this factor of hydrolysis which Is the subject 
of this research into the behavior of soils when subjected
to the leeching and solvent action of water*
The rock minerals are largely complex alumino-silicates• 
In the presence of water and earbon dioxide they undergo 
alight decomposition, giving alkaline solutions containing 
potassium and sodium carbonates and silicates; forming also 
calcium and magnesium carbonates, insoluble silicates and 
free silica* In arid regions these may all unit© together 
forming an alkaline soil; in humid regions th© alkaline 
solution may be washed away by leaching and the decompo­
sition continued* Its general effect is to remove SiO*> 
more rapidly than alumina or iron with th© resulting fall 
in the SiOg/RgOg ratios- This ratio, being around 6 in
the complex rock silicate may fall to 4 under ©rid conditions
and to £ and below under humid tropical climates*
E* U. Crowther (£5) has shown that the ratio of 
SiOg/AlgOg in the weathered product or colloidal clay is
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correlated negatively with rainfall and positively with 
temperature. These two factors may balance one another, 
and may explain the observations of J. van Baren that the 
weathering of limestone follows very similar lines in 
tropical India and in temperate Holland.
Upon being washed into rivers and being laid down as 
alluvium this material may interact with soluble silicates 
in the water with a resulting increase in its SiOg/AlgOg 
ratio*
Thus, high SiOg/AlgQ^ ratios may result from low rain­
fall and reworking in water and low SiOg/AlgO^ ratios arise 
from high rainfall.
The iron oxide Is liberated during weathering in the 
form of a colloidal sol, which tends to wash down into the 
soil. In hot climates the sol is readily decomposed, so 
that the iron is precipitated at or near the surface, giving 
rise to the reddish color of such soils. In cool climates 
the sol Is more stable and Is washed down farther into th© 
soil before it is deposited, forming characteristic deposits, 
Iron pans and the like.
The weathering process may result in a mere breaking 
down of rock particles into those of smaller size, as follows 
physical weathering, or an actual chemical change in the 
complex silicates, giving rise to minerals of a secondary 
nature•
Clay weathering, as reported by Schwartz (1£3) is a 
process of mechanical division and colloidalization of the
a
mother roek, and the chemical reactions are confined to a 
hydrolytic cleavage, resulting in the formation of amorphous 
alumina-silicic acid gels, Th© kaoltnization is a chemical 
reaction represented by:
KgO-AlgG^dSlGg + 7Hg0 —^ Alg03 .2Si0g.2Hg0 + 4H£SiOs + KOH
According to Rod© {117) th© primary minerals undergo 
a decomposition and the decomposition products recombine 
to produce secondary minerals. This is followed by © 
breaking down of the secondary minerals and removal of th© 
bulk of the decomposition products leaving an accumulation 
of primary quartz, if sufficient leaching occurs.
Gordon (44) advances the theory that many soil particles 
are hydrated silicates containing Al, Fe, Si, Na, K, Ca, Mg, 
etc., and are surrounded by a closely held water film. The 
salts in the outer layer of the particle are subjected to 
constant hydrolysis. The hydrolytic products of Ma, K, Ca, 
and Mg are partly absorbed by the insoluble hydrolytic 
products of the Fe and Al salts, forming an insoluble 
gelatinous casing for the soil particles. Equilibrium of 
the soluble salt between the water film and the gelatinous 
sheath is established. When the soil becomes flooded this 
equilibrium is destroyed and solution of th© absorbed salt 
continues until most of it is leached from the outer layer 
of the soil particles. With further leaching th© gelatinous 
products of aluminum, silicon, and ferric oxides may pass 
into colloidal solution. This results in th© removal of 
the protecting gel and weathering of the silicate particles
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proceeds *
Since this reaction is reversible, the peptized gel, 
or hydrosol, may b® deposited as a gel as the hydrogen ion 
concentration varies in the soil through which It moves (43)*
These silicic acid gels are of a negative character, 
while the sesquioxi&e sols are electropositive. Therefore, 
mutual precipitation may take place as originally suggested 
by J. M. van Bemmela (13) resulting in th© formation of 
amorphous absorption compounds of indefinite composition.
The general formula for such compounds might be written 
a SiOg* b AlgGg. c FegQjj. d CaO* e MgO. f &g0. g NagO. h Hs0.
Recent work by S. Mattson (85, 87, 89) has shown that 
substances resembling the weathering complexes of soils may 
be formed by mutual precipitation of colloidal solutions of 
opposite electrical sign and that their composition can be 
influenced by the reaction of the medium and the nature of 
the cations present.
Thus, at a pH above that of the isoelectric point the 
sol complex is anionic and more acidic than the gel complex, 
whereas it is cationic and more basic than the latter at a 
lower pH. Applying this to the process of soil formation 
Mattson and Gustafsson (90) made a distinction between (1) 
anionic solvation and eluviation leading to laterites, red 
and brown earths, and, (2) cationic solvation and eluviation 
leading to podzolic soils.
The general agreement of Mattson’s deductions with the 
observed facts under different conditions of weathering
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lends strong support to their general validity as a working 
hypothesis. However, the release of th© sesquioxides and 
silicic acid sols of opposite sign from the same particle 
and transportation to lower levels in the soil profile 
before interaction of the two has caused some questioning 
of this theory (114).
However the process of hydrolysis of mineral matter 
uaay be conceived, certain general consequences may be 
noted:-
De-silicification occurs* Comparison of weathered 
materials with their parent rocks generally reveals a 
loss of silicic acid in the weathering process (25)* The 
silicic acid is removed by percolating waters, to a great 
extent in the form of silicates of the alkali and alkaline 
earths* It is significant that river waters, which contain 
the material lost by solution in the weathering process, 
contain an excess of silicic acid over sesquioxides.
De-alkallzation occurs during hydrolysis* Comparison 
of fresh rocks with their weathered products reveals a 
general loss of ealcium, magnesium, potassium, and sodium 
(94).
Hydrolysis results in the formation of new substances, 
either by modification of the original minerals or by a 
partial re—synthesis of the products of decomposition,,
These substances are collectively referred to as the 
weathering complex, the zeolitic complex, the clay complex, 
or th© inorganic soil colloid. The study of the clay
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fraction, therefore, offers the most convenient basis for 
the elucidation of th© composition and constitution of the 
weathering complex.
Constitution of the Clay Fraction
Th© socalled clay fraction of the soil Is defined in 
terms of particle size or, more correctly, settling velocity.
In 192? the International Society of Soil Science 
agreed to adopt the Atterberg scale, in which the limits of 
particle sizes are 2, 0.2, 0.02, and 0.002 Baa. (146). Thus, 
the clay fraction consists of particles of 0.002 mm. and 
below, including all the secondary products of weathering.
These colloidal particles were at one time assumed to 
be spherical. Their crystalline nature has since been 
definitely established (60). The satin-like appearance 
sometimes observed in agitated suspensions of clay fraction 
is due to reflection from small platelets.
Hendricks and Fry (47) found no felspar or. mica below 
0.001 mm. On the other hand, Atterburg (11) concluded 
that biotite forms the plastic ingredient of certain 
northern clays, while haematite and limonite are present 
in th© clay of terra rossa. He found that other lamellar 
minerals, such as kaolinite, talc, and muscovite, can 
exhibit the clay property of plasticity when sufficiently 
comminuted •
From a consideration of mechanical composition curves 
of physically comminuted materials, G-. W* Robinson concluded 
the lower limit of physical subdivision to be represented
12
hy particles of approximately 0*0006 mm* diameter (113)* 
Therefore, the clay fraction includes some primary 
as well aa secondary products of weathering in the upper 
part of its range, but the proportions present are generally 
small and, for the most purposes, no appreciable error is 
met in identifying the clay fraction with the weathering 
complex*
1* M* ran Bemmeln {13} considered the weathering
complex of the soil to consist of two fractions, namely, a
complex A, soluble in hot concentrated hydrochloric acid,
and haring a molecular SiOg/AlgOs ratio varying from 3 to
6, and a complex B, soluble only in hot concentrated
sulfuric acid, having a molecular SiOg/AlgOg ratio varying
from 2 to 3. The complex A was considered to be an absorption
compound of indefinite composition and colloidal character,
whilst complex B was considered to be essentially similar
to kaolin and to be less reactive than complex A*
H* Stremme (131) distinguished three groups of hydrous
aluminum silicates* The first group was residual products
from the decomposition of felspars and felspathol&s, and
approximate in composition to kaolinite* Though not
demonstratebly crystalline they do not form gels. The
members of the second group, the allophanoids, have
SiO /AlpO«z ratios varying from less than 2 to greater than 2 & &
2m By replacement of aluminum with iron, corresponding 
ferric silicates are formed such as nontronite, ohloropal, 
etc. They are typical gels. The third group included th©
15
zeolites, which do not apparently occur in soils, hut 
represent th© crystalline prototypes of the silophanai&s *
A defect of these earlier theories as to the consti­
tution of the clay or weathering fraction of soils is 
that they were generally conceived in terms of compounds 
or complexes built up essentially of silica and alumina 
with iron oxides as adventitious constituents* It is now 
known that iron compounds form essential ingredients in 
the clay micelle* Any theory of th© nature of the clay 
micelle must take account of th© existance of complex 
ferro- or ferrl-sillcatas and of the possibility of 
iaomorphous replacement of aluminum by iron in complex 
alumino-aillcates.
The similarity of base exchange reactions of the soil 
to those exhibited by zeolites has led certain workers to 
postulate the presence of those minerals in the weathering 
complex (75)*
G* W, Robinson (112) from a study of the composition 
of the clay fraction of soils in water, concluded that, for 
soils derived from primary weathering, the data were not 
incompatible with the theory that th© first product of 
weathering is a mixture of hydrated silicates of the 
general formula, RgOg.gSIGg.HgO. Variations from th© 
silica-sesquioxide ratio of 2 were explained by differ­
entiation by eluviation or concomitant precipitation of 
silicic acid from river waters*
Although silica and sesquioxides account for most of the
14
©lay fraction there are also preseat alkali aad alkaline 
earth bases • These are partially pres eat as reactive or 
exchangeable cations and partly as Interior non-exchangeable 
cations*
Hendricks and Fry have applied X-ray examination to 
the colloidal material isolated from a wide rang© of 
soils and ©leys* Hie crystalline character of th© materials 
examined was shorn by comparison with the diffraction 
patterns obtained from known clay minerals, and it was 
possible to characterize each of the samples examined*
Kelley, Hors, and Blown (62) compared potash 
bentonites with colloidal material from certain soils and 
found similar X-ray patterns*
Extensive work on the crystalline structure of clays 
has been carried out by C. E* Marshall (79)* According to 
his deductions clays fall into two groups: {!) Th© kaolin 
group including kaolinite, dickite, maerit© and halloysite, 
the lattice unit of which consist of on© aluminum and on© 
silicon layer* Certain nontronites, with iron in the 
place of aluminum, may belong to this group. (2) Pyro- 
phyllite and the base exchange clay group, including 
pyrophyllite, montmorillionite, bidellite and many non- 
tronites have iron in the place of aluminum. In the latter 
group the structure consists of an aluminum layer and two 
silicon layers. In pyrophyllite there ar© no extensive 
replacements and the lattice units are stacked closely 
together. There is no exchange capacity. In the base
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exchange ©lays th© lattice units ape separated by spaces 
of variable width containing water and exchangeable cations. 
In these base exchange clays the lattice layers carry 
negative charges which are balanced by mobile cations held 
in the wide spaces between the layers* The negative charges 
arise by the replacement of aluminum for silicon and of 
magnesium for aluminum in the framework. Th© total negative 
charge is balanced partially by cations ineoxvporete& in the 
framework (nonexchangeable) and partially by the exchangeable 
cations, the relationship between the two being governed 
both by electrical and geometrical factors* Phosphorous 
and titanium probably fora part of th© lattice framework, 
phosphorous replacing silicon and titanium replacing 
aluminum*
The cations which balance the negative charges on th© 
lattice sheets are within the framework and associated with 
water molecules in the spaces between the sheets (80)*
They tend to hold the sheets together like potassium in 
mica and are the bulk of th© replaceable bases. Only a 
small fraction of the exchange capacity is due to the 
cations in the eleetrical double layer surrounding th© 
particles•
This Indicates that the SI0g/Kg03 ratio is Insufficient 
to define a clay chemically, since aluminum has a double 
function. Th© supposed SIOg/RgO^ ratios are Illusory 
and both complete chemical and optical analyses are 
necessary to characterize a clay.
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Kelley, Jenny and Brown (63) in a study of hydration 
of minerals and soil colloids found that upon grinding of 
minerals two significant changes are produced. Eirst, 
crystal-lattice water escapes more readily from the 
interior of small particles and secondly, grinding greatly 
reduces the lattice water* Two groups can be recognized: 
namely, those which have more crystal-lattice water than 
adsorbed water (Cecil type soil) and those in which this 
relation is reversed (Yolo soil).
Wiegner (148) concluded that the configuration of 
the micelle is more important than the chemical compo­
sition in respect to exchange properties.
In summing up these views on the composition of the 
clay fraction of the soil it appears that this fraction 
is made up of an acidoid and a basoid portion. The acidoid 
part consists of complex alumino-ferro- end ferri-silicates 
whereas the basoid part is composed of the exchangeable 
bases. These latter may be held in a gelatinous sheath of 
hydrated cations around the micelle or within the clay 
particle between the sheets comprising the colloidal 
fractions•
Effect of different Gations on Properties of Colloids
The views on the constitution of the clay complex, 
however, will be incomplete without references to the part 
played by the exchangeable bases In the structure of the 
colloidal clay particle.
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The exchangeable bases of which we are cognisant in 
ordinary exchange reactions occur on the surface of the 
ultimate particles of the colloidal complex. It Is certain, 
however, that both univalent and bivalent cations are also 
present as inner components of the lattice elements.
Reference has already been made to the work of
C. E. Marshall for the occurrence of such components with­
in the lattice of clay minerals. Kelley, Bore and Brown 
(62) have demonstrated the presence of inner nonexchange­
able cations. Their work shows that although a preponder­
ance of calcium appears among the bases associated with 
the clay complex, this is representative of the super­
ficial cations. Upon grinding, the predominant cation 
appears to be magnesium.
The colloidal complex is the seat of the most 
important chemical reactions of the soil, for, except In 
the case of calcarious, gypseous, and saline soils, the 
non colloidal material is relatively inert, and chiefly 
significant from the physical standpoint. From a study 
of the absorptive capacities of El soil minerals powdered 
to definite sizes ranging between 1 and 50 microns in 
diameter, Anderson and his coworkers calculated that except 
in the case of the most micacioue soils less than 5% of the 
total absorption of the soil Is due to the non colloidal 
part (5).
One of the most characteristic properties of colloids 
is their ability to absorb dissolved substances from
18
solution.. The ultimate particle or micelle as Duolaux and 
also Weigner term it, consists of th© crystal lattice or 
ultra micron surrounded by its bases, but the system, 
while electrically neutral as a whole, is surrounded by 
a Helmholtz double layer: an inner adhesive layer of anions
of silicic acid or hydroxyl ions from the alumina, and an 
outer swarm of cations which electrically balance the anions* 
The electro kinetic potential increases with th© distance 
between the two layers and this increases with the hydration 
of the ions, for heavily hydrated ions cannot approach the 
ultra micron as closely as those less heavily hydrated.
Since th© stability of the suspension is determined 
by the repulsion between the particles which, in turn, is 
dependent on the eleetrokinetie potential and, therefore, 
on the hydration of the ions, the order of the magnitude 
of all the properties depending on th© charge will always 
be the same.
Vilenskii (139) found that the stability of the sus­
pension is increased by replacement of adsorbed calcium by 
sodium. For ions of the same valency stability decreases 
as the atomic weight increases, and for ions of different 
valencies, but within a few units of the same atomic weight 
it decreases as the valency increases (137). Thus for th© 
monovalent ions the order is; L i > N a > K  and for the divalent 
ions Ca > Ba (141). Marshall (1930) obtained evidence that 
the order of dispersion of different clays in which one cation
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predominates is Li, most highly dispersed Be, £, BE^, H, 
and Ca? which is least dispersed* Gedrolz (1924) found the 
order Na, &, Mg, Ca, Ba for the ease of dispersion*
The ease of floeulation is the reverse of this order* 
With trivalent ions, however, the phenomena are complex: 
after floeulation they can recharge the particles, thus 
peptizing the suspension; later they can floculate it (119)* 
The permeability of clays to water is also affected 
by the cation which predominates in the adsorbed phase.
Lutz (74) reported that membranes of hydrogen clay were more 
permeable to water than those of calcium clay and explains 
the phenomena as being due to the lower zeta potential. 
Samples of soils were saturated with calcium, magnesium and 
sodium and subjected to a series of tests (125)* The 
magnesium soil did not filter as well as the calcium soil. 
Its swelling, maximum hygroseopicity and moisture capacity 
were higher than the calcium and lower than the sodium soil* 
Kotzmann (69) found that a calcium saturated soil 
retained desirable physical properties over a wider range 
of variation of water than for sodium soil. Shrinkage and 
cracking on drying were greater with sodium saturated soil, 
which disintegrated and became plastic when wetted, while 
calcium saturated soil retained Its crumb structure with 
excess water even after prolonged working. Saturation 
with sodium to the extent of only 4-5$ caused marked 
deterioration, and at 30$ sodium saturation the effect was 
almost equal to the maximum.
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Susko and Susko {133} saturated kaolin with calcium, 
magnesium and sodium respectively. The dispersion and 
swelling of such preparations were greatest with sodium, 
followed by magnesium and calcium, the latter two differing 
slightly. The capacity for filtration of kaolin saturated 
with calcium, magnesium and sodium was in the ratio of 
100:70:1.
The exchange or displacement of these exchangeable 
bases by another and subsequent formation of a calcium, 
hydrogen, or sodium clay takes place very rapidly. Hissink 
(50) found that three minutes suffices to replace all the 
calcium from a soil.
The replacement of cations with hydrogen produces 
an unsaturated clay and brings about an acid reaction more 
readily with a humus soil than with pure clay (50).
Gieseking and Jenny (37) made a study to ascertain the 
role of uni- and multivalent cations in base exchange with 
Putnam clay. Although the behavior of the ions was irregular, 
it appeared that the electrical charges and sizes of the 
ions are two of the major factors which determine the 
position of an ion in the adsorption and release series.
Base exchange equilibra are not always true* Different 
exchange values were obtained for the left-hand and right- 
hand approach of the final state. When, e.g: the system
[clay] Ca+ ■#* 2KG1 t=» [clay] 
is considered, it is found that at similar concentrations 
28.8^ calcium from calcium-clay is replaced by addition of
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potassium chloride* whereas 60.2$ potassium is released 
from potassium-olay plus calcium chloride,
Joseph and Oakley, in a comparison of sodium, potassium 
and calcium clays showed that potassium resembles sodium 
in its chemical relationships as indicated by base exchange, 
but is very difrerent from it in such physical properties 
as plasticity and permeability (56). With mixtures of 0.5B 
chlorides of two bases, calcium and potassium were absorbed 
in equivalent amount while the sodium absorbed was only 
one-sixth the amount of either of the other two.
Potassium and ammonium ions are very similar in size 
and behave practically alike in the exchange process. The 
higher the charge of fin ion the better it is adsorbed. 
Univalent ammonium ions come out the most easily and 
ter valent thorium with four electrical charges is released 
with great difficulty (37).
The type of soil, also, effects the ease of absorption.
Bottini (15) reported that the absorption of the cations
+  +  ♦  ++ •**+Ha , BH4 , K , Mg and Ca increases in the order named in
hydrogen-soil, calcium-soil, and sodlum-soil. In these
three types the absorption increases from hydrogen soil to
sodium soil in the order given.
In a study of bentonites treated with different salt
solutions leterson and Jennings (104) found that when the
soil was brought into contact with a salt solution all types
of cations present in the solution enter Into the exchange
complex. The bases did not enter into the exchange complex
in the same ratio as that in which they occur in the 
respective saturating solutions* The analysis or soils 
and of bentonites treated with mixed salt solutions showed 
that the ease with which the bases enter is in the order 
Ga^ Na. This is in agreement with work done by Baver 
(IB) and Jenny (53).
Peterson and Jennings (104) claim that the replaceable 
bases present in a soil after chemical treatments are 
independent of replaceable bases present before treatment* 
They consider the soil colloids as weakly ionized compounds 
with the alumino-sillcates either as weak salts or weak 
acids* The base exchange compounds are ionized in the 
order: K a ^ K ^ C a ^ H .  This is the same order of their ease 
of replacement in the lyotropic series (3)*
The pH of a soil is greatly affected by the nature of 
the cations and, as reported by Singh (137), increased in 
the order Mn*+ CeT* NH^, Mg7 and Na* Lein (71) gives the
4+ +  ■♦+* +  + +  ■+series of increasing pH as Fe, Al, Ba, Ca, K, Mg, Ha. The
values of absorption capacity depend upon the colloid and
the pH (10).
The pH of a clay saturated with a monovalent or 
divalent cation decreases with the increase of the atomic 
weight of the cation and is lower for clay saturated with 
divalent cations than for clay saturated with monovalent 
cations (2).
Purl (108) reported that the base exchange capacity 
increased with an increase in pH. This is correlated with
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kh© claim that hydroxyl loos enter into the exchange complex 
and thus increase the base holding capacity*
Although the saturation of a soil by a given cation 
has been pictured as taking place instantaneously by 
Hissink (50), Ge&roiz (36) pointed out that no on© cation, 
whatever its energy of replacement, and however large the 
concentration of the solution of its salt, brought into 
contact with the soil, is capable of replacing completely 
any soil zeolitic base at once by one single treatment of 
the soil with a solution of its salt* The bases which do 
not enter into the composition of the salt, can be 
completely replaced from the soil by salt solutions of any 
cation, when a large enough number of consecutive treatments 
of the soil is made*
All ions are not equally readily absorbed* For a clay 
saturated with a given cation Gedroiz (1918) showed that 
the replacing power of the alkali metal cations increases 
with the atomic weight. This same rule holds true for the 
alkaline earth cations, these, however, being much more 
strongly absorbed than the corresponding alkali ion. For 
the alkaline earths the ions most readily absorbed are not 
necessarily most firmly held against leaching* Calcium 
is more readily absorbed than magnesium, yet it is also
more easily displaced.
Weigner and Jenny (144) obtained the same results 
with perzautite; they showed, however, that the alkali 
cations behaved differently Inasmuch es with increasing
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atomic weight both the ease of absorption and the difficulty 
of displacement increase. They attribute the difference 
between the action of the alkali and the alkaline earth 
cations to the difference in the mode of retention on the 
surface. They assume the cations are bound to the surface 
by hydroxyl or similar groups, hence the strength of 
retention depends on the hydration of the cation and on the 
solubility of the binding group of which the latter is 
determined by the solubility of the hydroxide. For the 
alkali cations the ease of displacement depends only on the 
ionic hydration, since all the hydroxides are easily soluble, 
but in the alkaline earth series the ease of displacement 
is determined predominately by the solubility of the binding 
group. Since magnesium hydroxide is more insoluble than 
calcium hydroxide the magnesium is more firmly bound to the 
surface than the calcium. In a similar manner barium is 
less readily removed than calcium.
Ammonium comes between potassium and sodium in the 
list. Hydrogen stands at the head of the list, being much 
more readily taken up and firmly held than any other.
Further, after it has displaced more than a certain amount 
of the exchangeable cations the hydrogen ion can penetrate 
the nucleus and break It. Such action was reported by 
Sedletzkii (124) who discussed the mechanism of the 
entrance of the hydrogen ion into the crystal lattice of 
the micelle as contrasted to the surface adsorption of
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other ions*
The above discussion presents the work of several 
different men on th© effects of the different base exchange 
ions on physical and chemical properties of the colloidal 
fraction of th© soil. Some seem to b© in disagreement 
with others* However, all results follow the same general 
trend. Since this study is one essentially involving 
hydrolysis, the effects of the saturating cations on 
physical properties will b© of secondary importance, as 
contrasted with their effects on the chemical properties 
of the clay particles.
Effects of Hydrolysis on Soil Colloids
Hydrolysis is a consequence of the partial dissociation 
of water into hydrogen end hydroxyl ions. • Thus, the washing 
out of bases results in their substitution by hydrogen ions. 
Since the hydrogen ion is the only cation present in rain­
water, and since the hydrogen ion is held more firmly than 
any other, the natural consequence of leaching will be the 
formation of an acid soil.
Wiegner (140) estimates that hydrogen is held in th© 
soil about fifty-five times as strongly as sodium and about 
thirty-five to forty-five times as strongly as th© divalent 
alkaline earth cations. Gedroiz (35), however, puts these 
figures at seventeen and four respectively.
In general, the leaching of a soil results in almost 
complete removal of sodium. Calcium is also removed, but
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much more slowly and much less completely (119). The
anions easily removed are -HG3 , -SO^; -Cl™ and -HCO3.
The series of the cations in order of their decreasing
tendency to wash out of the soil is given by Soharrer
(120) as Caf Mg, Ha, K, HH^i that of the anions, chloride,
sulfate, nitrate and phosphate. The chloride, sulfate and
nitrate were washed out practically quantitatively, calcium
in very large amounts, potassium, ammonium and, above all,
phosphate almost not at all.
However, these results do not agree throughout with
those reported by Metzger (95), who found that in a soil,
submerged for a period of seventy-five days replaceable
sodium and potassium were not significlently influenced
by the water content of the soil, calcium was only slightly
+ +  '►+* +decreased by flooding, while Mg, Al, Fe, Mn and HH^ were 
greatly increased.
In examining the effects of repeated leaching of bog 
soils and alkaline bog soils Sushko (132) reported that 
the alkalinity decreased with the earlier 1cachings, but 
increased as the process continued. The soluble calcium 
content of the soil varied similarly. The reappearance 
of calcium In the later leachates were ascribed to the 
decomposition of CaC03, to the displacement of adsorbed
calcium, or to both.
Continuous leaching of six different soils showed 
that electrolyte decreases in the percolate were rapid, 
distinct and relatively small whereas water permeability
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decreases were more relatively large and long continued 
(14) • Changes In permeability seemed to be due to removal 
of electrolytes and subsequent gradual dispersion and re­
arrangement of clay particles, with permanent reduction of 
pore size.
Fieger and Hammond (51) found that irrigation of 
Crowley soil increased the coarse clay and colloidal 
fractions, decreased the sand and silt in the A and B 
horizons, increased the percentage of quartz in the A 
horizon owing to hydrolysis and removal of other minerals, 
and caused deposition of iron-rich and aluminum-rich con­
cretions in the B and C horizons*
Goletenana (42) presented data on the red soils of 
western Georgia showing that the aluminum is the source of 
the exchange acidity. In the presence of humus the aluminum 
and the negatively charged humus are mutually coagulated and 
thereby reduce the exchange acidity. Iron and humus behave 
in a similar manner.
Hobinson and Holmes (116) reported that the CaO, Ma20, 
KgO, MgO and SiOg in soil colloids were more easily 
extracted by water than the AlgOg and Also, 'the CaO
and NagO were more readily extracted than the MgO and KgQ.
Albrecht, Graham and Ferguson in experiments conducted 
on dialized clays show that plants mobilize the alumina and 
silica in soils, thus speeding up a breakdown of the clay (3).
This doesn*t parallel the conclusions arrived at by 
Hissink (48) on the weathering of Dutch soils. He reports
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that over a period of 400 years there has been no appreciable 
change in the mineral adsorbing complex and ascribes this to 
the lack of appreciable quantities of acid humus substances, 
under the Influence of which AlgOg, FegOg and SIGg of the 
mineral adsorbing complex are carried off.
Kovda (70) prepared an artificial solonetz from a 
chernozem soil containing free carbonate. Leaching with 
successive portions of distilled water showed that the 
amounts of adsorbed calcium and magnesium, organic matter, 
silica and sesquioxides removed increased with increasing 
content of adsorbed sodium. The lowering of the horizon of 
effervesenee in soils was due to the fact that their 
salinity was reduced by the removal of sodium in soluble 
form through exchange reactions with calcium.
Working on the effect of soil-water ratios on the 
cations adsorbed in soils Eaton and Sokoloff (38} found 
that dilution of five parts of water to one part of soil 
affected to an important degree the ratio of exchangeable 
calcium to sodium. The amounts of water soluble sodium 
increased with dilution while that of water soluble calcium 
decreased. The authors assumed that the relative base 
exchange activities of calcium and sodium were influenced 
by dilution. The calcium ions thus brought into solution 
replaced adsorbed sodium and thus produced an increase in 
dissolved sodium. These results agree in principle with 
yanselowfs results obtained in oalcium-ammonium studies (138).
With artificially prepared sodium and potassium zeolites,
Magistad (77) found that th© amount of hydrolysis at any 
dilution was a function of th© number of hydrogen ions 
present in the total volume of water at the start and could 
be mathematically expressed* Sodium zeolite on hydrolysis 
gave sodium hydroxide which in turn reacted with alumina 
to produce sodium aluminate. The amount of alumina present 
In solution as alumina te was a logarithmic function of the 
pH value of the solution* In a similar way potassium 
zeolite hydrolyzed to form potassium hydroxide and, in turn, 
potassium alaminate. Potassium zeolite at equal dilutions 
hydrolyzed less than sodium zeolite. Calcium zeolite 
depressed the hydrolysis of potassium zeolite. This may be 
due to the common hydroxyl ion produced and the competition 
of both bases for a common aluminate ion.
Synthetic potassium zeolites, when leached with dis­
tilled water and the successive portions of leachate analyzed 
for potassium gave data which can be expressed by an equation 
of the type {76):
where A is the absorptive capacity in milliequivalents,
£ is a constant, Y is the loss in milliequivalents, V the 
volume in liters and p a factor which may very for different 
zeolite materials•
Solcovolskii (129) reported that elimination of calcium 
from soils by replacement brought about a condition whereby 
extraction of such soils with distilled water brought into 
pseudo-solution some of the soil colloids. The structure
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of the soil was destroyed by such treatment.
In soils completely saturated with calcium or hydrogen 
the mobilities of these ions changes markedly according to 
the type of soil {147}• In general, the mobility of 
calcium and hydrogen increases in proportion to the decrease 
in the ratio of acidoids to basoids in the soil. A correl­
ative relationship exists between th© firmness of the 
binding of the absorbed cation in the different soils; the 
less firm the bond the greater the hydration.
The mobility of hydrogen and other cations is deter­
mined by treating the soil sample with a potassium chloride 
solution (148). The amount of a cation replaced by 
potassium is taken as a measure of the mobility of the dis­
placed ion. The mobility of various exchangeable bases in 
different soils is variable. This is thought to mean that 
the availability of these bases to the plant In different 
soil types must also be unequal. The availability of 
exchangeable calcium must then decrease sharply when the 
sodium Ion Is introduced into the absorbing complex.
EXPERIMBNTAL WORK 
Sie soil from which the colloidal fraction was removed 
end used in the hydrolysis study given here was from the 
A^horizon of a virgin Crowley silt loam* Sampling in 
approximately one hundred pound lots Insured the uniformity 
of the sample*
Preparation of th© Colloidal Fraction
According to the Atterberg scale the upper limit of 
the colloidal fraction is 0*002 mm* in diameter* In order 
to separate this fraction from larger particles use was 
made of Stokes equation as applied to falling bodies* The 
clay particles are not spherical, so that rather than 
describe the particles as having an actual diameter of 
0«0O2, this value is ascribed to their effective diameters. 
Wright (146) assumed that soil particles of this size fall 
through ten centimeters of water in eight hours at 20°0 *, 
whereas silt particles fall through ten centimeters of 
water at 20°C* in 4*8 minutes*
In order to Insure the separation of clay particles 
whose upper size limit would come well within the proper 
range, the settling time was taken as well over the 
theoretically determined period of eight hours.
Stones, gravels and grass roots were removed from the 
soil and all lumps pulverized* This soil was then agitated 
with 0*8 molar ammonium hydroxide in a rotary shaker for
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24 hours, after which it was removed and poured into stone 
crocks of five gallon capacity- This suspension was allowed 
to settle for 24 hours at which time the top 9 cm were 
withdrawn and sufficient 0.8 molar ammonium hydroxide added 
to bring the solution back to the original mark- This 
settling and subsequent withdrawal of th® top 9 cm was 
continued daily for ten to fourteen days. After each with­
drawal a motor driven stirrer was utilised to bring into 
suspension such materials as had settled to the bottom of 
the crocks.
The suspended material present in the withdrawn 
portions was collected in three gallon bottles and coagu­
lated by the addition of CaClg and sufficient hydrochloric 
acid for neutralization. Coagulation proceeded immediately 
and upon standing for about twelve hours the supernatant 
liquid was drawn off by siphon. The concentrated solids 
were then centrifuged in a Sharpies super-centrifuge at 
36#000 r.p.m. The colloidal matter thus obtained was ready 
for dispersion for saturation with different cations. A 
crystal of thymol was added to each container in order to 
prevent mold growth.
Preparation of the Colloids for Hydrolysis
The colloidal matter obtained by the above procedure 
was saturated with different solutions of varying ratios 
of sodium and calcium concentrations.
iua attempt was made to obtain artificially saturated
33
©lay colloids varying is Ha:Ga ratios representative of 
several stages intermediate between 100% sodium to 100% 
calcium.
In view of the positions of these two metals in the 
Hofmeister series it may he seen that calcium is adsorbed 
onto the clay complex much more readily than sodium. There­
fore* the ratio of sodium to calcium in the saturating 
solutions had* of necessity* to be increased to a relatively 
high value.
The colloid used contained th© original organic matter 
and represented the actual reactive fraction of the natural 
soil.
The solutions used for saturation were all £ N with 
respect to the saturating ions* the total strength being 
kept constant while the Na:Ca ratio was varied. Calcium 
chloride and sodium chloride were used.
Since repeated saturations are necessary for the 
complete substitution of any cation into the exchange 
complex of the colloidal micelle* the process of saturation 
was repeated five times. Although the exchange reaction 
taking place between the ions in solution and the suspended 
colloidal matter is postulated as being instantaneous as 
characterizes most inorganic reactions of th© ionic type, 
the solid matter upon being stirred vigorously Into the 
saturating medium for one hour, was allowed to stand over 
night so as to Insure complete equilibrium between the 
solution and suspended material.
Sufficient colloid was taken so as to insure the use
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of 150 to gOO grama (dry weight at 110°) of solid colloid 
for each saturation. This, upon dispersion into 4,000 ml 
of distilled water gave a soil-water ratio of one to twenty. 
An attempt was made to hold this ratio fairly constant 
throughout the system of saturations since dilution of 
such suspensions affects the ratio of soluble sodium to 
calcium as reported by Eaton and Sokoloff (28).
The actual saturation of th© clay material was carried 
out as follows. Approximately 200 grams of solid material 
was dispersed into 2500 ml of the saturating solution, 
making use of rapid stirring continued over a period of 
one hour. The suspension, upon being allowed to stand 
overnight, was centrifuged free of the liquid in a Sharpies 
supercentrifuge. The solid material was redispersed in the 
saturating medium and the process repeated five times, 
consuming a period of five days. At the end of the fifth 
saturation the solid was dispersed in 2000 ml of distilled 
water for thirty minutes and centrifuged immediately. This 
treatment was followed by three washings with 85$ ethyl 
alcohol, in th© same manner as that of the distilled water. 
This treatment sufficed to remove the excess soluble salts 
from the saturating mixture as shown by tests with silver 
nitrate* The use of alcohol rather than water was to 
assure a minimum of hydrolysis. Such treatment resulted 
in a dehydrating action on the colloidal matter. The use 
of 85$ alcohol rather than 95$ reduced the shrinking effect 
alcohol of such strength has upon the micellular structure.
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Keli©y (64) and coworkers reported saturation of clays 
with calcium acetate and washing free of excess saturation 
solution with methyl alcohol showed no important changes 
in the clay minerals of the soil colloids*
Process of Hydrolysis
The hydrolysis of the colloidal matter was carried 
out in a rotary shaker holding ten bottles of one liter 
capacity.
The solid material, freed from excess chlorides, was 
dispersed in 4000 cc of distilled water, enough withdrawn 
for weight determination and sample for zero time, and the 
remainder placed In the shaker.
Samples were taken for analysis at the following time 
limits: zero time, 6, 12, 18, 24, 36, 48, 72 and 96 hours.
Thus, sampling was carried out every six hours for twenty- 
four hours, every twelve hours for another twenty-four 
hours, and every twenty-four hours for still another forty - 
eight hour period.
Before the zero sample was placed on the filters a 
quantity of the suspension amounting to about 75 cc was 
filtered through each candle to be used. This was to allow 
for the base exchange which takes place between the dis­
persion medium and the porcelain filters. The material was 
sucked dry, the filters emptied and the residual solid 
removed from the candles. Distilled water was drawn through 
the filters until the wash water gave no chloride test with
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silver nitrate, thus removing all dissolved salt present* 
This saturation was required only at the beginning of each 
run, since the soluble salt content of th© hydrolyzates 
did not differ sufficiently to require new saturations 
before each filtration* Each candle, thus treated, was 
used for the same colloid type throughout th© run* They 
were then ready for filtration of the zero sample*
Each of the samples were of 350 ml volume and were 
filtered through lasteur-Ghamberland filters of porosity 
L-5 and L-3. Suction was applied by use of a water driven 
suction pump, the filters maintained in test tubes of 
5£ x £00 mm size*
After all the 350 ml of sample had been placed on the 
filters and sucked dry, a procedure requiring from three to 
six hours depending on the permability of th© colloid used, 
each test tube was inverted and the liquid hydrolyzat© 
remaining in the hollow filter removed. Then each test 
tube was filled with distilled water and the whole drawn 
through the filtered mass. This was emptied as before and 
the filtrates were boiled down to a small volume (care being 
taken to prevent evaporation to dryness) and then made up 
to £00 ml volume for analysis.
Whenever the filtrates were colored with organic 
matter, as was the ease especially as the ratio of sodium 
increased in the saturating solutions, it became necessary 
to decolorize the solutions in order that colometric 
analysis could be carried out. This was accomplished by
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the addition of small amounts of 30^ hydrogen peroxide and 
subsequent boiling to remove all excess, since any peroxide 
remaining interferred with later analysis for iron.
The solid material remaining on the candles after 
washing was removed by forcing air backward through the 
filters in order to free the pores of any colloidal matter 
which might accumulate and reduce the porosity. This, 
with rubbing, and aided by a fine stream of distilled water, 
effected the removal of solid matter from the candles • The 
solids were dried, pulverized by grinding in an agate mortar 
and stored in glass stoppered bottles for analysis.
The filtrates were analyzed for calcium, sodium, 
aluminum , iron and silica. Two analysis were made on the 
solids; that of base exchange capacity and base saturation.
Methods of Analysis
1. Determination of calcium.
The procedure of Koltoff and Sandell was followed 
(67). Fifty ml of the £00 ml samples were removed and 
evaporated on a hot place to 25 ml. Two to three drops of 
methyl red were added and the solution made acid with hydro­
chloric acid. Three cubic centimeters of concentrated 
hydrochloric acid were added in excess and ten ml of a 
solution of ammonium oxalate (containing 0.6 grams per 
ten ml) were added to each sample, the whole heated on a 
hot plate to 70°-80°C. and dilute (1:1) ammonium hydroxide 
was run in from a burette dropwise until the solution
38
'became a distinct yellow. A slight excess of ammonium 
hydroxide was added and the precipitated samples were allowed 
to stand over night in order that the crystals might grow 
to insure good filtering.
These were then filtered through #42 Whatman quanti­
tative filter papers, washed free of oxalate ions, dissolved 
in hot 1-8 sulfuric acid and titrated with standard 
potassium permanganate solution from a microburette until 
just pink* The filter papers were added and additional 
permanganate added until a pink color persisting ten 
seconds was obtained*
Zm Determination of sodium.
The method of Piper (105) was used as follows.
Fifty ml samples were withdrawn from the original solution 
and evaporated on a hot place to about six ml. Thirty ml 
of the precipitating reagent were added to the cold sol­
ution; the precipitates were allowed to stand at 5°C. for 
twelve hours, and then filtered through prepared Gooch 
crucibles. The precipitate was washed five times with two 
ml portions of the reagent, followed by five times with 
two ml portions of ethyl alcohol previously saturated with 
the precipitate. Finally, the precipitate was washed with 
two five ml portions of ethyl ether. Air was drawn through 
the crucibles for about five minutes and they were then 
set aside for fifteen minutes, and subsequently weighed to 
constant weight. The weight of the precipitate times 
0.015 gave the weight of sodium.
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The reagent was prepared as follows. Thirty-two 
grams of uranyl acetate, one hundred grams of magnesium 
acetate, three hundred ml of water, twenty ml of acetic 
acid, and five hundred ml of 90% ethyl alcohol were mixed, 
warmed to dissolve and made up to one liter. Upon standing 
over night the solution was filtered from precipitated 
sodium magnesium, uranyl acetate, thus insuring a pre­
cipitating solution already saturated with the precipitate 
to he formed,
3, Determination of aluminum.
The aluminum, determination was made according to 
the method of Hammett and Sottery (46),
Twenty-five ml samples were used. Each sample 
m s  made slightly acid with hydrochloric acid, one ml 5 
normal hydrochloric acid, five ml 3 normal ammonium 
aeetate and five ml of aluminon reagent (0.1% solution of 
ammonium salt of aurintrioarhoxylic acid) were added. The 
solution was thoroughly mixed and allowed to stand 
approximately five minutes, or until the lake had formed.
Two ml of concentrated ammonium hydroxide and 
ten ml of 5 normal ammonium carbonate solution were then 
added. The total volume was made up to fifty ml in 
Nessler tubes and mixed thoroughly. After standing twenty- 
five minutes the color so developed was compared with 
standards prepared at the same time from known amounts of
aluminum standards.
AlgtSO^)3 ,18Hg0 was used as the aluminum standards.
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They contained 0*1 mg Al/ml and 0,01 mg Al/ml.
4. Determination of silica*
A modification of the method according to 
Schwarts (IBS) was followed.
Twenty-five ml samples were taken for analysis.
One ml 1:1 hydrochloric acid was added and then two ml of 
ten per cent ammonium molybdate solution. The volume was 
made up to fifty ml in Messier tubes and mired thoroughly. 
After standing for fifteen minutes th© color was compared 
with standards prepared at the same time with known amounts 
of silica solutions.
The silica standards were prepared from sodium 
metasilicate, Na23i03 .9Hg0, and contained 0*01, 0.1 and 
1.0 mg silica per ml. Due to irregularities in the extent 
of hydration, a silica determination was carried out on the 
standards so as to determine their exact strength.
5. Determination of iron.
Iron was determined according to a modification
of the method proposed by McFarlane (92). Th© analysis
was carried out on iron reduced to th© ferrous state by
titanous chloride solution and was based on the intensity
*of red color developed with <*, <*• bipyridine. The 
comparison of colors was made in Messier tubes.
The procedure is as follows. Two ml of cc(c&
bipyridine reagent (0.632 g. in 90 ml water plus 10 ml 
normal hydrochloric acid) were added to ten ml of the
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solution to bo tested* On© ml of titanous chloride reagent 
{five ml of a 20$ titanous chloride solution in 100 ml 
boiling normal hydrochloric acid) was added and finally 
seven and one-half ml of sodium acetate buffer solution 
(pH 4.7) was added. Th© color so developed was compared 
with standards of iron solutions treated in a similar 
manner and prepared simultaneously with the unknowns.
The standard solutions contain 0.05, 0.005 and 
0.0005 mg iron per ml. Th© sodium acetate buffer solution 
was prepared from equal volumes of 0.2 normal solutions of 
sodium acetate and acetic acid.
6. Base Exchange Capacity.
The total base exchange capacity was determined 
by modification of the methods proposed by Parker (101) 
and by Schollenberger and Breibelbis (121).
The dried solids from each sample (zero time and 
ninety-six hour samples) were pulverized in an agate mortar. 
One and one-half to two grams of solid, dried at 103°, were 
digested in distilled water over night so as to obtain a 
suspension. This was followed by treatment with one normal 
ammonium acetate of pH of 7, and stirring with an air 
stirrer for thirty minutes. The suspension was filtered 
through Pasteur-Chamberland filters, leaving the colloid 
coated over the surface of the candles. One normal ammonium 
acetate was added and drawn through the filters, followed 
by similar treatments until ©11 the replaceable cations 
were removed by ammonium ions. A small amount of the. — r.
4£
leachate giving negative chloride test was taken as a con­
firmation of the completness of the replacement *
These filtrates were evaporated to dryness with 
nitric acid on a hot plate, ignited gently so as to de­
compose excess ammonium salts, then filtered and made'up 
to two hundred ml volume for the determination of calcium 
and sodium* Due to the action of the ammonium acetate a 
variable amount of organic matter was brought into solution, 
giving a coloration to the filtrates* This was destroyed 
by boiling with hydrogen peroxide.
The methods for cation analysis of these leachates 
were the same as for the same ions in the hydrolyzates.
7* Per cent base saturation.
The material left on the Pasteur-Chamberland 
filters after leaching with ammonium acetate was washed 
once with water and then repeatedly with 95% ethyl alcohol 
until the washing gave no test for ammonia with NesslerT s 
reagent* The solids were removed by use of distilled water 
as before and their ammonia content was determined by th© 
Kjeldahl method, using magnesium oxide.
The per cent saturation was calculated by use 
of the formula
100 * (replaceable hydrogen) x 100 - % saturation,
base exchange capacity
where the replaceable hydrogen was taken to be the 
difference between the base exchange capacity and the sum
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of calcium and sodium determined in the leachates, all 
expressed on the basis of milliequivalents per one hundred 
grams of colloid.
RESULTS AHD DISCUSSION 
In th© discussion of the results obtained In this 
investigation the following scheme will be followed:
!• Saturation affects resulting from the use of 
saturating solutions of varying Cs:He ratios*
8* Effects of hydrolysis on calcium-sodium 
saturated colloids.
(a) Effect of hydrolysis on the release of calcium.
(b) Effect of hydrolysis on the release of sodium.
(c) Effect of hydrolysis on the release of aluminum.
{d} Effect of hydrolysis on the release of iron.
{©) Effect of hydrolysis on the release of silicon.
(f) Effect of hydrolysis on the pH of the sus­
pensions .
3. General discussion of hydrolytic effects.
Saturation effects resulting from the us© of saturating solutions of varying Ca;Na ratios.
A review of the more recent literature concerned with 
the base exchange reactions in the soil indicates that the 
exchange of one cation for another is a true chexaical re­
action associated with soil colloids. Assuming this theory 
to be correct, Peterson and Jennings (104) expected the 
base-exchange reactions to follow, more or less closely, 
the law of mass action. For example, It might be expected 
that the equation .CfffiJ— X — 3—  ” C (When 0 is a, W 1 M
constant, Ha and K are activities of the respective ions,
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find KZ and Na& are the activities of* th© unionized colloids) 
would represent equilibrium, conditions found when a soil 
colloid is brought into contact with a solution containing 
both sodium and potassium salts. If the activity Is 
constant for the unionized portion, the equation will take
reaction holds for many crystalline substances such as 
OaCQ^ and BaCO^. If this equation were applicable to soil 
colloids, it would be impossible to prepare, by treatment 
with a mixed salt solution, a colloid containing two cations 
in a ratio different from that in the original material. If, 
however, the activity of the unionized portion is dependent 
on concentration, as is true with weak electrolytes in 
solution, a colloid could be prepared containing two cations 
in any desired ratio by adjusting their ratio in the 
treating solution. Kerr (65) developed equations similar 
to those given above and presented data to show that the 
activity of the undissociated colloid was not a constant.
ITaneslow (138) pointed out that mixed crystals were formed 
by colloidal compounds containing more than one cation*
If the so called solid phase of a colloidal suspen­
sion has a variable activity, It follows that If the colloid 
is treated with a solution containing two kinds of cations 
a portion of each should enter th© exchange complex* This 
Is shown by data on soils compiled by Peterson and Jennings 
(104). The results of saturations and base exchange data 
shown in Table 1 also bear out this hypothesis.
It is well known that this type of
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From th© data given In Table 1 it oan be seen that 
calcium ions are much more easily absorbed than sodium ions* 
The ratio values of calcium found in the colloids were 
all greater than the corresponding values shown in the 
saturating solutions. On the other hand, the values of 
sodium must necessarily be greater in the saturating 
solutions than in the colloids since the ratios are based 
on one hundred* Th© data given is expressed in mill!- 
equivalents.
The greater ease of adsorption of calcium is also 
borne out by the fact that the Ma:Ca ratio in the 
saturating solution must be 85:15 before equivalent quan­
tities of sodium and calcium will be absorbed* Similar 
relationships have been reported by several workers*
Table 1
Ratios of Ca:Na in saturating solutions and colloids
Sample Mo. 1 2 3 4 5 6 7
Ca:Ma insaturating
solutions 100:0 75:25 50:50 25:75 10:90 3:97 0:10'
Ga:Ma in
colloids ----  85:15 60:32 62:38 37:63 16:82 -- —
The exchange capacities and per cent saturation of the 
clay samples used for hydrolytic examination are presented 
in Table 2. In it is shown the amounts of exchangeable
calcium and sodium in milliequivalents as determined by
-*■ ' >replacement with NH4 ions. The values of IMH4 ion
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absorption give an indication of th© total base saturation 
capacities of these samples.
Table 2
Exchange capacities and per cent saturation m.e/100 g colloid
Sample Ho. 1 2 3 4 5
Ca freon baseexchange 39.27 40.12 40.52 32.81 £0.78 10.30
Ha from base 
exchange 7.18 19.11 19.93 33.51 46.10 50.10
ME* from baseexchange 35.37 59.33 56.40 53.53 55.14 56.38 54.544 ‘:eh
ler centsaturation 111.00 79.7 105.00 98.5 98.4 100.00 91.9
that the sample used by Fieger and Simpson (number 1) 
exhibited lower base exchange capacities than those used in 
this investigation. All the samples from one through seven 
were from the A horizon of a virgin Crowley silt loam and 
were taken from approximately the same location. However, 
numbers two through seven were obtained separately from 
number one. They appeared to contain more organic matter.
The presence of more exchangeable bases than absorbed 
ions is shown in samples one and three. Similar results 
were reported by Peterson and Jennings (104).
In general, the above data has been cited to show the 
effects of varying the concentration of the saturating 
solutions upon the quantities of calcium and sodium Ions
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absorbed by the colloid.
The comparison of the absorption of calcium to sodium 
shows that Tor equivalent absorption of these two ions 
their ratio in the saturating solution must be 15:85 and 
that with an exceedingly low Ca:Na ratio appreciable quan­
tities of calcium are absorbed by the clay.
It may also be seen from the table that sodium is not 
absorbed in considerable amounts until its percentage in 
the saturating solution is ninety or above (Table 1). Small 
amounts of sodium enter the clay even upon using a saturating 
solution having a sodium to calcium ratio as high as 75:85* 
Thus, the flooding of soils with saline water should not 
introduce extreme quantities of sodium into the absorption 
complex unless those flood waters are appreciably salty.
The relative ease of adsorption is contrasted with the 
hydrolytic removal of calcium and sodium ions in Table 5.
The pareferrential absorption of calcium is indicated b y  
its preponderance in the colloid even when its percentage 
in the saturating solutions was as low as 15 to 20 per cent. 
In spite of this preponderance of adsorbed calcium ions in 
the clay, sodium made up the larger part of the cations 
removed during hydrolysis. In the pretreatment of the clay 
it was dispersed in distilled water for thirty minutes 
prior to the removal of the zero time sample and the 
beginning of the shaking procedure. Th© results given for 
the ratio of Ca:Na in the hydrolyzates are average ratios 
taken over all ninety-six hours of hydrolysis. In the latter
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part of Table 3 ratios are given in which the amount at 
zero time is deducted from the average of the six to ninety- 
six hour samples» This shows the ratio between the amounts 
of cations released during the process of shaking.
Table 3
Ratios of Ca:Na in saturating solutions, 
colloids end hydrolyzet@s
Sample No. 1 2 3 4 5 6 7
Ca:Na in
saturating
solutions 100:0 75:25 50:50 25:75 10:90 3:97 0:100
Ca;Ka in 
colloids ...... 85:15 68:32 62:38 37:63 18:82 ----
Ca:Na in 
hydroly­sates (zero 
to 96 av.) 43:57 43:57 20:80 12:88 5:95 ----
Ca:Ha in hydroly- 
zates(96 hr.to 6 hr.
- zero hr.) 37:6.3 40:60 26:74 11:89 1:99 ----
While large proportions of sodium appear in the hydroly- 
zates from samples which were only saturated 15$ with sodium, 
the Na:Ca ratios in the filtrates do not rise markedly until 
the percentage of sodium in the colloidal fraction approaches 
forty. This illustrates the greater ease of replacement of 
sodium in comparison with that of calcium through th©
hydrolytic action of water.
Yvhen the amounts of calcium and sodium present in the
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hydrolyzates at zero time were deducted from the average 
Qf all values obtained from six to ninety-six hours, th® 
effect mentioned above become more evident*
These results probably explain why Fieger and Sturgis 
(53) in their studies of rice soils of Louisiana found only 
small quantities of absorbed sodium in the soils which had 
been previously flooded with salt water* We can postulate 
that larger quantities of sodium had been in the exchange 
complex at the time of flooding with saline waters and had 
been subsequently released through the hydrolytic action 
after the saline waters had been removed, and the fields 
subjected to the leaching action of rainwater during the 
period that the soils were allowed to lie fallow*
Effects of Hydrolysis on Calcium-Sodium Saturated Colloids
The hydrolytic action of water on the colloidal micelle 
and its surrounding ionic atmosphere is a reaction which is 
difficult to follow in its individual steps. Those ions, 
more or less loosely held, in the externally absorbed 
phase should be replaced first by the hydrogen ions of the 
water. The action of the latter is heightened by th® 
presence of dissolved carbon dioxide. Those absorbed ions 
which are most highly hydrated will be most loosely held 
and, therefore, will be removed first.
The sodium ions ere more highly hydrated than calcium 
ions and this p r e f errential loss of sodium over calcium 
was noticeable throughout all the hydrolysis.
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The loss of saturating cations due to exchange for 
hydrogen may extend to those residing in the inner lattices 
or the micelle; or, adsorbed hydrogen Ions may enter these 
lattice openings between the layers composing th© acidoid 
Traction or the colloidal matter. IT this latter absorp­
tion continues the crystalline structure of the micelle 
will be destroyed and a general breakdown of the complex 
silicates will result* This will become evident by the 
appearance or silicon, aluminum, and iron in the nitrates. 
An attempt has been made by Robinson and Richardson to get 
an approximate indication of the degree of weathering in a 
soil from the proportion or alumina present in th© clay 
Traction relative to the total amount oT alumina present 
in the soil (113).
IT this destruction of the structure of the colloidal 
material is brought about by th© entrance of hydrogen ions 
into its interior as is postulated by Sedetzkii (124), it 
should be more apparent in a sodium-calcium clay as th© 
sodium content is increased. This effect was noticed and 
is shown by the data presented here. However, the highest 
values were obtained when some calcium was present in th© 
exchange complex. Evidently this calcium, by its greater 
exchange properties, mobilized the sodium present.
The data obtained by analysis of th© filtrates for 
calcium, sodium, aluminum, iron, and silicon will be 
considered next, followed by a general discussion wherein 
an attempt will be made to coordinate th© results obtained.
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Th© Effect of Hydrolysis oa the Liberation of Calcium
In Table 4 th© effects of hydrolysis on the release 
of calcium are tabulated* These represent the amounts of 
calcium liberated {milliequivalents per on© hundred grams 
of colloid) over a period of ninety-six hours* The value© 
of calcium liberated decrease, as would be expected, in 
order as the amount of calcium saturation ion is decreased 
in the colloid* That this decrease is small in comparison 
to that in the saturating solution will follow from th© 
position of calcium in the release series.
Table 4
Hydrolytic release of calcium In m*e/100 g. colloid
Sample numberhour 1 2 3 4 5 6
0 0.474 0.884 0.685 0.449 0.389 0.171
6 0.871 1.325 0.846 0.580 0.340 0.164
12 1.153 0.922 0.977 0.674 0.389 0 .164
18 ------ 1.222 1.258 0.637 0.418 0.214
24 0.986 1.317 0.644 0.637 0.398 0.188
36 1.191 0.896 0.886 0.609 0.528 0.171
48 1.716 0.817 0.896 0.627 0.602 0.188
72 1.063 0.916 0.674 0.651 0.180
96 1.752 1.150 1.226 0.683 0.719 0.206
The ratio of calcium concentration in the saturating medium
of sample number 2 to that In sample number 6 Is twenty-five,
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(Table l), whereas the ratio of the calcium concentration 
in th© hydrolyzete of sample 2 to that in sample © is five. 
This indicates that the ease of adsorption of calcium is 
greater than th© tendency for its release.
In each soil sample there was a well defined decrease 
in the quantities of calcium found in the filtrates 
beginning at 18 to £4 hours. In most cases hydrolysis 
proceeded until the 72 hour sample before these values 
built back to the level prevailing at 18 hours.
Du© to the necessity of mechanical dispersion of the 
solid colloid the values of hydrolyzed material given as 
being present at zero time represent all substance© 
released prior to shaking. It can be seen from th© table 
that the amounts of calcium obtained with samples 5 and © 
they are practically constant for the first twenty-four 
hours while these values for sample 6 are almost constant 
throughout the hydrolysis. This would seem to indicate 
that hydrolytic action on the colloid reached an equili­
brium very early In the process.
The consistency of the clays prepared differed 
markedly. Those in which calcium predominated as the 
saturating cation were more easily handled, centrifuged 
dryer, resisted peptization better, and filtered through 
the lasteur-Chamberland filters faster than the clays in 
which sodium was the predominant ion.
Effect of Hydrolysis on the Liberation of Sodium 
The results of sodium liberation effected by hydrolysis
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are shown in Table S. Here, as in the release or calcium, 
the amounts of cation in the hydroXyzate increase with 
time.
Table 5
Hydrolytie release of sodium in m.e/lGQ g. colloid
Sample numberhour 2_______3 4   5_______6   7
0 1.071 0.781 2.06 2.473 2.062 1.773
6 1.166 0.975 2.11 2.917 2.700 2.022
12 1.561 1.020 2.09 3.593 3.070 2.143
18 2.476 1.161 2.43 3.648 5.106 2.074
24 1.316 1.023 2.52 3.103 2.859 2.126
34 1 * 222 1.078 2.28 3.513 2.946 2.388
48 1.255 1.417 2 .64 3.770 3.952 2.778
72 1.251 1.529 2.84 4.133 4.201 3.045
96 1.287 1.624 2.85 4.147 3.995 3.547
The values of sodium release shown at zero time
indicate that sodium is easily removed from soils by 
hydrolysis- However, there is little tendency for equili­
brium to be reached early in the hydrolysis process as was 
noted with the release of calcium. There are large amounts 
of sodium present in the hydrolyzates even in soils very low
in sodium content •
It can be seen that the effects of sodium, in so far
as the amounts released are concerned, become those of a
soil saturated with that cation even when its percentage
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as base saturation ion is far below one hundred. This 
agrees with results reported by Kotzmann (69) that 
saturation with sodium to the extent of 30$ gave effects 
almost equal to the maximum.
The milliequivalents of sodium per hundred grams of 
colloid released by hydrolysis were less with numbers 6 
and 7, which contained more absorbed sodium, than with 
number 51 which contained a smaller amount of sodium and 
more calcium. This action could be due to the mobilization 
of sodium ions by those of calcium. Due to its greater 
replacing ability, calcium ions liberated by hydrolysis 
could remove sodium ions from the clay complex and thus 
add to the total number, resulting from hydrolysis. This 
explanation is similar to that put forward by Eaton and 
Sokoloff (26) in a study on the effect of soil-water ratios 
on absorbed sodium in soils.
The effect of increasing sodium content on the 
physical properties of the colloidal fraction was to 
heighten its sticky, impervious nature, making washing 
and filtration more difficult. The organic matter carried 
through the filters into the hydrolyzates also was increased, 
so much so that their color deepened to a chocolate brown 
in sample 7. This probably was due in large part to the 
increasing pH, although it was quite noticeable in the 
acid filtrates, due to interaction between the organic 
matter and the hydrolytic sodium products forming soluble 
h u m a t e s *
56
Effect of Hydrolysis on Liberstion of Aluminum
She acidoid part of the clay is a complex alumino- 
silicic acid, usually containing iron. Towards salts it 
is fairly stable, reacting reversibly with them. Towards 
acids and allcalls, however, it is not stable; it breaks 
down, giving up alumina, iron oxide, and silica, and can­
not be reconstructed by any known means. Its composition 
is complex, but the essential part appears to be the 
alumino-silicic acid. Many of the properties of a clay 
show a regular gradation closely following the variations 
in the molecular proportions of SiO£ to AlgO^. The 
capacity for base exchange increases as the ratio increases.
The effects of hydrolysis on the amounts of aluminum 
present in the hydrolyzates are given in Table 6.
Increasing the sodium: calcium ratio in th® clays 
shows decided increases in the liberation of aluminum.
The values given for sample 2 are exceptionally low. This 
sample was the least saturated one of all those reported.
Aluminum occurs in th© soil as complex aluminate© 
some of which are supposed to form gelatinous colloidal 
coatings around the clay micelle. Sodium forms a soluble 
aluminate, whereas calcium forms no aluminate. Therefore, 
more aluminum can be expected from clay weathering as the 
©odium content of the clay increases.
The explanation of the increase of aluminum In th© 
hydrolyzates with increasing proportions of absorbed sodium 
in the colloidal fraction can probably be best explained
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on the basis of stabilization of aluminum in the sol form 
by soluble organic matter, which was brought into solution 
through th# hydrolytic releas© of adsorbed sodium, rather 
than on th# basis of formation of sodium aluminate, since 
the pH of all the sodium containing samples was in every 
case less than seven.
Table 6




3 4 3 6 7
0 2*59 0.443 1.125 0.523 0.552 0.486 0.879
6 4*88 0.000 0.000 1.308 2.760 1.458 1.465
12 3*42 0.000 0.000 1.436 1.380 1.215 2.637
18 -------------- 0.000 0.000 1.568 2.208 4.374 2.930
24 3.63 0.000 1.406 2 .350 2.284 2.916 3.516
36 2.90 0.000 0.000 1.960 2.622 3.888 3.809
48 3.11 0.000 2.250 3.920 1.656 3.888 4.981
72 — „ 0.000 2.250 5.470 2.208 4.374 5.294
96 3.42 0.000 1.406 3.180 2.284 4.131 6.153
The Effect of Hydrolysis on Liberation of Iron
The place of iron in the clay is not yet known; it 
might be present as part of the anion, as an iron silicic 
acid similar to the alumini-silicic acid, or as a cation, 
as iron silicate, or it may simply occur as admixed non- 
crystallin© ferric oxide* It does not, however, occur
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amonE the exchangeable bases nor is it dissolved by the 
dilute solutions of acid used for extracting these bases*
The values for liberation of iron are shown in Table 7. 
These amounts are so small that slight variations in 
handling of the samples become magnified in the results. 
Sufficient iron may have entered the solutions from the 
bowl of the centrifuge* or from dust particles to have 
affected these values appreciably*
Table 7
Hydrolytic release of iron in m.g./lOO g. colloid
hour 1 2
Sample number 3 4 5 6 7
0 0.00 0.221 0.070 0.131 0.345 0.091 0.037
6 0.10 0.055 0.141 0.588 0.173 0.091 0.073
12 0.52 0.165 0*141 0.784 0.173 0.122 0 .183
18 ----- 0.110 0.211 1.175 0.138 0.304 0.293
24 0.42 0.083 0.352 0.588 0.345 0.243 0.403
56 0.16 0.083 0.070 0.784 0.138 0.274 0.513
48 0.00 0.083 0.703 1.371 0.242 0.365 0.476
72 ----- 0.083 0.633 0.980 0.311 0.426 0.450
96 0.00 0.083 0.773 1.502 0.345 0.395 0.513
These data, however, seem to indicate that th© release 
of iron is favored by an increase of sodium in th© absorbed 
phase, but the presence of some adsorbed calcium gives 
higher values than when adsorbed calcium is absent.
Since the iron present in the mineral matter of soils
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must be considered as an actual chemical constituent of the 
crystalline and amorphous materials rather than simply as 
adventitious oxides, as once thought, this hydrolytic release 
must represent chemical reactions associated with the break­
down of the clay colloids* Due to increased hydrolytic 
action in sodium saturated clays, the iron content of the 
hydrolyzate could be expected to increase* However, iron 
liberation is also favored by an acid medium since iron 
becomes immobilized if the pH becomes too high* The calcium 
clays exhibit lower pH values than those of sodium* Con­
sequently, those colloids containing some calcium and 
enough sodium absorbed to exhibit practically complete 
saturation values should be optimum for release of iron.
Effect of Hydrolysis on Liberation of Silicon
The rock minerals are chiefly complex alumino- 
silicates. In the presence of water and carbon dioxide 
they break down, undergoing slight decomposition, releasing 
silica, alumina and iron oxide« The general effect is to 
remove silica more rapidly than alumina or iron oxide*
The amounts of silicon released by hydrolysis of the 
clay fractions studied are presented in Table 8. These 
values also show an increase with th© all sodium soil over 
the one saturated with calcium ions alone. These results 
agree with those reported by Eieger and Simpson (32).
Here again, however, a maximum of silicon released 
is shown by clays of mixed calcium and sodium content*
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This might be explained on the assumption that the presence 
of some calcium ions in the exchange complex mobilize the 
absorbed sodium, thus enhancing any results obtainable 
from that ion.
Table 8
Hydrolytic release of silicon In m.g./lGO g. colloid
hour 1 2
Sample number 3 4 5 6 7
0 24.63 19.85 34.63 13.47 15.45 21.77 16.42
6 22.66 24.80 50.37 14.64 3.09* 16.30 14.81
12 20.79 29.75 31.49 20.50 4.64* 30.10 19.65
18 39.65 31.49 35.14 4.64* 54.74 26.25
24 23.02 29.75 37.79 58.56 24.70 43.54 34.68
36 22.78 34.70 6.25* 55.63 6.18* 51.87 33.00
48 25.37 54.55 . 56.25 50.95 21.63 59.84 39.60
72 ------ 39.65 59.37 82.00 30.90 71.04 52.50
96 30.14 39.65 43.75 76.12 33.99 71.04 49.27
Despite the large initial amounts of silicon shown as 
being present at zero time there is also a large amount
released during hydrolysis.
The low values for silica reported in sample 5 may be 
due to differences in treatment of th© sample, since those 
filtrates were exceptionally dark in color and required 
much boiling with hydrogen peroxide.
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Bffect of Hydrolysis on the pH of the Soil Suspensions
Wiegner and Pallman describe the colloidal acids as 
dissociating when dispersed in water, giving off a diffuse 
cloud of hydrogen ions which, though mobile, can never move 
far from the particle surface (143) * They can affect an 
electrode placed in the suspension and can invert can© sugar, 
but they must move with the particle, Th© actual acidity 
read is the sum of these colloidal acids and dissolved 
acids from the clay.
Table 9
Hydrolytic effects on th© pH of the soil suspensions
Sample numberhour 1 2 3 4 5 6 7
0 6.43 4.95 5.92 5.49 5.35 5.36 6.48
6 7.00 4.94 5.78 5.48 5.35 5.35 6.53
12 7.15 4.92 5.68 5.43 5.35 5.37 6.52
18 ----- 4.91 5.70 5.45 5.34 5.36 6.49
24 7.24 4.92 5.68 5.55 5.34 5.35 6.47
36 6.90 5.00 5.58 5.23 5.31 5.32 6.42
48 6.98 4.96 5.59 5.31 5.29 5.30 6.39
72 ---- 4.90 5.51 5.28 5.29 5.28 6.38
96 6.80 4.88 5.51 5.29 5.29 5.30 6.40
Only a portion of cations belonging in th© outer sheath
of suspended colloidal particles is in the dissociated state. 
The hydrogen-ion concentration of th© suspension is thus mad©
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up of "the hydrogen-ion concentration due to Ions in "th© 
suspension medium and the hydrogen Ions held by th© sus­
pended particles. It may be presumed that a dynamic equi­
librium exists between these classes of ions.
The effects of hydrolysis on the pH of the suspensions 
studied herein are shown in Table 9. Th© overall effect 
was an increasing acidity as hydrogen replaced the other 
cations as the base exchange cation. The acidity of these 
solutions was surprising in view of the saturation expected. 
However, Peterson and Jennings (104) in a study of calcium- 
sodium saturated soils found that th© milliequivalent of 
NH^ absorbed amounted to more than th© combined replaceable 
bases. Considering this, the cloys prepared for this work 
were more unsaturated than th© data seems to indicate.
Puri and Uppal (107) found that the effect of carbon 
dioxide on soil suspensions was a lowering of the pH of 
the solution, the ratio reported of pHg:pH^ was 0.7 and 
on single base saturated soils was as low as 0.63 where 
was the value for the normal soil suspension and pHg 
was that for a suspension subjected to carbon dioxide 
treatment. The3© suspensions were allowed to stand in 
contact with the air and this might have resulted in 
partial unsaturation or lowered pH.
According to the mass action law there should be only 
slight hydrolysis of the saturated clay in the presence of 
a- large excess of saturating ion. However, in saturating 
a sample of the colloid with sodium, using a two normal
sodium chloride solution, the suspension was allowed to 
stand for a week before the last centrifuging, just prior 
to washing free of chlorides* Upon subsequent washing, the 
solution was highly colored with humic materials, probably 
sodium humate* The color was ©specially intense in the 
alcohol solution* Finally, upon hydrolysis the hydrolyzates 
were also so dark as to be almost black* Due to the 
difference in treatment of this sample, it was discarded 
and another was prepared in its stead* These results would 
seam to indicate that hydrolysis takes place even when the 
eolloid is in contact with excess of saturating ion. Since 
all preceding suspensions had been allowed to stand over 
night between each saturation, some unsaturation may have 
resulted*
General Discussion of Hydrolytic Effects
In the eourse of hydrolysis, in all cases, there was 
a noticeable break in the amounts of hydrolyzable material 
in the filtrates. This decrease occurred near th© twenty- 
four hour sample and usually twelve to twenty-four hours 
elapsed before the values again attained their original por­
tions* These phenomena are too general to be ascribed to 
experimental error. Evidently some interaction between th© 
dispersed phase and the hydrolyzed material had occurred.
In the pretreatment of the soil colloids washing with 
ethyl alcohol was used so as to remove th© excess of 
chlorides left by the saturating solutions after centrifuging
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A very noticeable ©ffect of this treatment was th© de­
hydrating action of the alcohol. Bven in the case of the 
relatively sticky sodium saturated clay th© result of 
alcohol washing was a dry, crumbly mass after th© centri­
fuging*
Th© drying and dehydration cannot be without some 
effect on the clay Itself* This results in a shrinkage 
of the laminated layer making up th® micelle and transforms 
the alumina, iron oxide, and silica sols into the gel form. 
As a result of this action a part of these materials 
should be protected more against removal than other portions 
residing outside the colloidal particle, furthermore, 
drying of a soil colloid results in the fixation of some 
Ions within the structural layers.
At the outset of hydrolysis exchangeable ions and 
some alumina, silicic acids, and iron are removed. The 
action of water on the colloidal particles should tend to 
cause a swelling, or, at least a countermanding of the 
shrinkage due to the alcohol treatment and thus release 
other ions to the hydrolyzing solution. Th© additional 
surface resulting from the action could account for reab- 
sorption of ions already present in the liquid phase*
Th© presence of considerable amounts of calcium in 
the adsorbed phase tended to stabilize th© organic matter 
present as shown by the color of the filtrates. In these 
samples there also appeared the minimum of loss of 
aluminum, iron, and silicon. However, as th© sodium 
saturation Increased humus was split off, probably
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as sodium humata, and was accompanied by increases in the 
other hydrolyzable portions of the clay* These were 
absorbed in a large part by the organic matter and were 
released to the solution upon oxidation of the humic 
material by hydrogen peroxide*
The presence of relatively large amounts of sodium 
in the saturating solution were required before very 
noticeable effects on the liberation of aluminum were noted. 
Iron seemed somewhat more affected by slight increases In 
the sodium content of the soil and silicon was most 
notieably mobilized. When the percentage of saturating 
sodium was large, small increases exhibited far more 
apparent results.
Small amounts of sodium in a predominately calcium 
saturated soil, therefore, affect the physical properties 
to a greater degree than the chemical properties.
The object of this work; was to examine the effects 
upon a predominately calcium soil of increasing amounts of 
sodium* The Crowley and Lake Charles soils in southwest 
Louisiana produce 40 per cent of the total rice grown in 
the United States. These soils belong to the intrazonal 
group known as ground water podzols and have developed 
under a high rainfall and a high water table. Due to the 
impervious nature of their subsoil, flooding has been used 
In the cultivation of rice. In dry years the water added 
may become saline and thus, small amounts of sodium are 
introduced, as the soil is allowed to lie fallow one
r pn three the small amounts of sodium absorbed duringJf
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flooding with saline waters is washed out by rainwater* 
However, considerable hydrolysis of the clay accompanies 
this leaching and the condition of those soils has become 
poorer aa this action has been repeated.
It 1® believed that the results obtained in this study 
may serve to show in part th# chemical changes accompanying 
a continued application of sodium ions to these soils.
CONCLUSIONS
Th« colloidal fraction from the A horizon of a Crowley* 
Silt loam was removed and saturated with solutions of 
varying calcium:sodium ratios. After removal of excess 
saturating ions by suitable washing these soils were sub­
jected to the hydrolytic action of water for a period of 
ninety~six hours* At stated intervals aliquot portions 
were withdrawn and filtered through Pasteur-Chaxaberland 
filters. These filtrates so obtained were examined for 
total sodium, calcium, silicon, aluminum, and iron. The 
solid matter remaining after filtration was analyzed so 
as to determine the base exchange capacities and per cent 
saturation of the colloids.
In the saturation of a soil with sodium and calcium 
cations preferential absorption of calcium occurs. The 
absorptive properties of calcium so far exceed those of 
sodium that the ratio of sodium to calcium, in the 
saturating solution must be in the vicinity of eight in 
order that equivalent amounts of each ion will appear in 
the colloidal fraction.
On the other hand, the hydrolyzing power of clays 
saturated with the two ions in varying amounts show clearly 
the stability of calcium saturated clays over sodium 
saturated ones. Thus, in order that equivalent amounts 
of calcium and sodium Ions shall appear in the hydrolyzates, 
a clay fraction containing the base saturating ions In the 
ratio of calcium to sodium of approximately 6:1 must be
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used. Tiies® values substantiate similar observations made 
on other types of soil colloids.
In consequence of the hydrolysing effect of water the 
clay complex becomes less stable, partially decomposing in 
the presence of the acid soil solution into the hydroxides 
of iron and aluminum and silica, which in the first instance 
probably form a highly dispersed colloidal sol. The acid 
humus tends to carry the products into solution.
In the presence of sufficient exchangeable calcium 
the humus does not wash out of the complex, but remains 
fixed in the colloid. The hydrolyzates from clays in which 
the predominating exchangeable ion was calcium were very 
slightly colored with organic matter. The pur© calcium 
soil gave colorless filtrates* However, as the percentage 
of sodium increased, the color of the filtrates deepened. 
This is due to the solubility of sodium humat© and insol­
ubility of calcium humate. It was also noticed that humus 
was dispersible in ammonium salt solution in the process 
of determination of base saturation by the ammonium acetate 
method•
The physical properties of the clay colloids also 
were affected by the predominating cation present. The 
clays in which sodium was present in appreciable amounts 
were impervious to water, difficult and very slow in 
filtering, and easily peptized, mobilizing the organic
material present.
The suspensions Increased in pH ©s the amount of
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sodium in the exchange complex increased. As hydrolysis 
continued ^ o m  zero time to ninety-six hours the acidity 
of the solutions Increased very slightly, These changes 
in properties also are in agreement with numerous reports 
on clays of different kinds, although these reports have 
been on clays saturated with on© cation.
0&© effect of hydrolysis on soil colloids with varying 
calcium-so&ium ratio seem to indicate an increase in the 
breakdown of alumino- and ferri- or ferro-silicie acid© 
which make up the acidoid fraction of the clay, ’The amounts 
of aluminum, iron and silicon in the hydrolyzates increased 
with time as well as with increasing percentage of sodium 
in the exchange complex.
The amounts of aluminum increased in order in the 
hydrolysis of the colloids as sodium became the predom­
inating saturation ion. The release of iron and silicon 
were more when some exchangeable calcium was present than 
when the clay fraction was saturated with sodium alone.
This same effect was obtained in the hydrolysis of sodium 
in that larger amounts of sodium were obtained with clays 
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ŝ na complex, on it physiochemical properties,end their relation to the plant growth,Indian Ar. sei. 6: 956-972. (1956).c- A. 31: 197*
128* Smolik, L.
Nature of soil colloids*
Yestnik Ceskoslov. Akad* Zemedelske 1932, No* 1*C. A* 27: 1969.
129. Sokovolskii, A* N.
The properties of soil colloids*
Pochvovedenie (Russian) 19, No. 1-2: 59-79* (1924),0. A* BO: 3528.
130. Stevens, W. W., and Cobb, W. B.
The effects of univalent and bivalent cations on the physical properties of Iredell loam*
Am* Soil Survey Assoc*, Rept. 13th Ann. Meeting,Bull. 14: 77-78* (1933).G. A. 27: 4612.
131. Streams, H.
Tonmineralien
Monatsber. Deuteh Geol, Paleontol.: 122-128. (1910).
132. Sushko, S. I*Influence of Irrigation on the chemical and physical properties of saline alluvial soils.Proc. Leningrad Acad, Agr. Sol. U. S. S. R. No. 9 
(1930).C• <a* 25: 3425*
133. Susko, S. Ya., and Sushko, E. B.The influence of exchangeable magnesium on the dispersion properties of soils.Lenin. Acad. Agr. Sci., Proc. Leningrad Lab.Gedroiz Sci. Inst. JPertilizers and agro-Soil 
Sei., No. 34: 5-13. (1934).
C. A* 7403: 28.
134. Tamhane, V. A., Krishna, P. G.Leaohing of alkali soils at Sarkland-Sind with 
different calcium salts.Iroc. 2nd. Intern. Congr. Soil Soi. 5s 352. (1932).
C. A. 27: 4333.
135. T r 4 ^ ^ * £ ionBof3the?minera 1 content of the soil-
^ ^ s ^ S r l ^ l S e r n .  Congr. Soil Sei., Oxford, 1935
lT 92-95. (1935).
0. A. 29: 7549.
84
136. Urbanek, Laazlo
Mew methods in ©grioul tural chemical ana lysis. I. The use of centrifuges.Mezogazdasagi Kutatasok 5: 440-449* (193B).C. A. 27: 3659.
137. Vajna, I.
Halation between degree of dispersion and nature of the exchange bases of soil.
Messegazd&sagi Kutatasok 0: 303-319. (1929).0. A. 04: 4570.
138. Yana elow, A. P.
Equilibria ©f the base exchange reactions of 
bentonites pensutites, soil colloids and zeolites.
139. Yilenskii, B.
Influence of moisture content of soils on their structure.
Trans, ist. Comm. Intern. Soc. Soil Sci. 97-108. (1934).
C. A. 29: 5970.
140. Wiegner, G.
Some physiocochemieal properties of clays. II. Hydrogen clay.
J. Soc. Chem. Ind. 50: 103-112 T. (1931).G. A. 25: 3218.
141. Wiegner, G.Some physicochemical properties of clays* I. Base 
exchange or ionic exchange.J. Soc. Chem. Ind. 50: 59-64 T. (1931).
142. Wiegner, GeorgeIon exchange and structure.Trans. 3rd Intern. Congr. Soil Sci., Oxford, 1935, 
3: 5-28. (1935).
C. A. 32: 5550.
143. Wiegner, G. and Pallman, H.Z. Pflanzenernahx. Bungung. Bodenk 16A: 1-57. (1930)
C. A. 24: 5200.
144. Wiegner, G., and Jenny, H.Base exchange in permutites (cationic exchange in
Kolloid Z. , 42: 268-272. (1927).
Brit. Abs. B. 1927: 718.
145. Williams, R.Contribution of clay and organic matter to i/he base
exchange capacity of soil colloids.J. Amer. Soc. Agron. 18: 458-470. (1926).
85
146. Wright, 0. H.Soil analysis. Physical and chemical methods.
D. Tan Uostrand Co* {1934}•
14?. Yarusov, 8 . S.The mobility of absorbed cations in different soils 
Chemisation Socialistic Agr. 1934, 65-78*Chem. Zentr. 1935, I, 139*C. A. 30: 4260.
148. Yarusov, S. S.
The mobility of exchangeable cations in the soil. 
Soil Sci. 43: 285-303. (1937).C. A. 31: 4434.
BIOGRAPHY
Maurice McCall Tick was born at Russell, Arkansas, 
Movember 26, 1909. He attended public schools In Arkansas 
and was graduated from ArkadeXphia High School in 1927.
He attended Ouachita College, ArkadeXphia, Arkansas, 
from 1927 until 1931, receiving the B* A* degree, having 
worked as undergraduate assistant in chemistry.
Upon receiving an appointment as a graduate fellow 
in chemistry he attended Louisiana State University from 
1951 until 1933 being graduated with a M. 3. degree In 
June, 1953*
He taught in Ouachita College from June 1935 until 
June 1936 when he returned to Louisiana State University 
to take work leading to the Ph* D* degree* He worked as 
teaching fellow in 1936 to 1938 and as graduate assistant 
during the period of 1958 to 1940.
86
E XA M IN A TIO N  AND THESIS REPORT
Candidate: M a u r ic e  M c C a ll V ic k
Major Field: C h e m is try
Title of Thesis: a Study of the Properties of Sodium-Calcium
Saturated Clays
Approved:
Major P rofessor and Chairman.
d  /u.__
D ean  o f th e G raduate ̂ chool
Date of Examination:
//9 /<? v - o
E X A M I N I N G  C O M M I T T E E :
L . B .
S SL, ■'/
